This paper presents an algorithm for contrast enhancement of medical images since the same is highly desirable for better medical diagnosis. The current methods use local enhancement techniques but suffer with the drawback of high complexity and over enhancement of the input image. Over enhancement essentially adds some information which may lead to a wrong diagnosis and the cost can be human life. In this paper we are making a very careful use of Human Visual Characteristics (HVC) for enhancement of such images. This is done by first studying characteristics of medical images and then segmenting it using HVC into the image into several overlapping blocks. These segmented blocks are enhanced based on the characteristics of the medical images. We also propose an algorithm for enhancement of color medical images. For this we first decompose the color image into Hue, Saturation and Intensity (HSI) component and propose two different algorithms to be applied on S and I components. In order to validate the effectiveness of the proposed method we compared our results with conventional histogram equalization method and found the promising results.
Introduction
In recent years, images have become very important in medical domain and medical practitioners can observe pathological area and organs more clearly in living organisms through medical images such as CT, MRI, X-Ray etc. The imaging information always affects the results of diagnosis. The physical factor of projecting operation and organic structure processing could cause the local contrast loss of original image. Because the lost image data could contain some clinical information, the contrast always needs to be enhanced for a better estimate of the lost information. One of the well-known contrast enhancement approach is histogram equalization (HE). It uses whole image information (global) to get a transfer function and this function is used to increase the contrast of the gray scale image. But in this case it can not adapt to local brightness feature of input image which causes significant contrast losses in the background and in other regions.
To overcome this limitation, it is proposed to use local histogram-equalization methods [1] , [2] , [3] . In these methods, a rectangular sub-block of the input image is first defined, and then a histogram equalization function for that region is obtained. Thereafter, the central pixel of the region is histogram equalized using this function. The center of the rectangular region is then moved to the adjacent pixel and the process is repeated. This procedure is repeated on a pixel-by-pixel basis for all the pixels in the image. This method allows each pixel to adapt to its neighboring region, so that high contrast can be obtained at all the locations in the image. However, since local histogram equalization must be performed for all pixels in the entire image, the computation complexity is very high. To get rid of the high computational cost, another approach is to apply non-overlapping block based HE but it produces an undesirable checkerboard effects on enhanced images. Another problem with local histogram equalization method is that it also enhances the noise in the input image along with the image features. This leads to over enhancement and causes annoying side effects depending on the variation of gray level distribution in the various blocks.
Moreover for color image enhancement, algorithms [5] [6] usually apply gray level enhancement algorithm to color images brightness factor, which amplify the image details, thus enhance the input image to certain extent. These methods ignore the use of image's color information and results in more blank output image as compared to input image.
Other enhancement methods like multiscale filtering using retinex etc (which are realized in terms of center/surround function) are also used but they lead to
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Proceedings of the 7th IASTED International Conference distortion on color images as they are applied on RGB components separately [4] . To overcome the aforementioned problems, we propose a block overlapped scalable mechanism and use human visual characteristics (HVC) for contrast enhancement. On each block, we apply HVC to label (classify) the block and then enhance that block using linear contrast stretching in specific range of intensity. This is the key to reduce the over enhancement problem. Now we move the block in such a way that it comes in partially overlapping condition with adjacent block. We thus, reduce the complexity by applying enhancement on a block-by-block basis rather than on a pixel-by-pixel basis. Hence the proposed algorithm addresses both the problems -over enhancement and high complexity. Moreover a number of medical images are binary in nature; histogram equalization (HE) method can not be used for enhancement of such images. It could abruptly rise up the local contrast for this issue. However, our algorithm can be very effective on such images too.
We also present a method to enhance color medical images. In view of the problem stated with the algorithm used in such application, we need a true color image enhancement algorithm to make the output image livelier. For this also, we are using human vision characteristics (HVC). Since HVC is highly sensitive to the change in brightness, and less sensitive to the change of hue and saturation, we put forward a medical color image enhancement algorithm in HSI space. The algorithm holds the hue and changes the brightness and saturation. Since brightness and the saturation contain different information, we need different algorithms to be applied on them.
Rest of the paper is structured as follows. In the next section we consolidate the idea of human visual characteristics (HVC). Section 3 describes the proposed method of contrast enhancement. In Section 4 we describe the method of contrast enhancement for color medical images. We give simulation results and concluding remarks in Section 5.
Human Visual Characteristics
The role played by the human visual system in digital image processing is a very vital one. The HVC is a complex system, which is a nonlinear and spatially varying [7] . In general, use of HVC model in image processing results into improved perceived image quality. The psychophysical process that relates psychological phenomena (contrast and brightness etc.) to physical phenomena (light sensitivity, spatial frequency and wavelength etc) serves as the basis for the HVC. In this paper we discuss psychological process and develop a method to enhance image according to that.
The Distinguishability of Gray Level
In digital image processing, the color image is displayed by an appropriate combination the values of primary colors: red (R), green (G), blue (B), and the gray scale images are generally represented by the average of R, G, and B components. The ability of eye to distinguish different levels is a nonlinear process. The distinguishability of human eyes can be represented by the resolution level. Reference [8] gives the analysis and a result of the distinguishability of gray scale is shown in Fig. 1 .
Fig. 1. Variation in resolution with gray scale
From the figure, it can be observed that pixels in the darker range (0 to 32) need more resolution level (3) (4) (5) (6) (7) (8) for clear visibility of objects in the range. We can see that resolution level is "8" near zero gray levels, i.e. people can distinguish the variant gray levels if their values are at the 8 discrete levels. while regard the color from 0 to 7 level as same vision. Similarly, objects in gray level range from 32 to 64 needs relatively less resolution levels (3 to 2). In the same way it can be seen that the distinguishability of the objects in the gray range 64 to 192 is appropriate with resolution level not more than 2. similarly in gray level range 192 to 255, resolution level is not so high (2 to 3). For color medical image enhancement also we use HVC. Since human vision system is highly sensitive to the change of brightness, and less sensitive to the change of hue and saturation, we put forward a medical color image enhancement algorithm in HIS space. In medical images, if the image is acquired in low illumination condition then a lot of information is hidden in this region. So we increased the contrast of this block to . This caused the hidden objects in this region to move towards high intensity side and became visible. It is also possible that the pixels in the block have intensity values from 0 to 64. In this case also it is expected that some useful information (structure) is present in the block. So, here case also we increased the contrast to . We did not increase the range up to 255 because it produced, as expected, salt-pepper kind of noise. This also helped controlling over enhancement. We can describe the algorithm for the whole procedure as follows:
Proposed Contrast Enhancement Algorithm
Step 1: Let input degraded medical image be of size . Take pixels in a Block 
B END
Step 6:
Step 7: Move the block now in raster order (Left to Right and top to bottom) to cover whole image.
if(
Step Goto else ; END For >1, the complexity of the algorithm is reduced without any significant loss in the enhancement of the visibility. But increasing it more produces blocking effects.
Stepsize
Step 8: Take the average of the values altered at location and obtain the enhanced output image.
So in this way we get O as output image.
Proposed Method for Color Medical Images
In digital image processing, the color image is displayed by the value of primary colors: red (R), green (G), blue (B). In general application of different contrast enhancement algorithms on different color planes causes loss of color fidelity. We again use HVC to overcome this problem. We first converted the RGB image into HSI plane. Since human vision system is more sensitive to brightness, we apply contrast enhancement algorithm of section 3 on I (brightness) component. The H component is left unchanged and the processing on saturation (S) component is discussed below: c). Gamma correction factor, λ is 0.8 since we observed that image dependent λ value and the one proposed here gives similar performance.
The aturation djust lgorithm S A A
Since the saturation component has color information of images so we apply an algorithm to restore color in degraded image. For the saturation component, the main processing was the selection of dynamic range so that there should be color fidelity in image. As before we could have used histogram equalization method or linear stretching method to improve contrast of the S component. However, this was not appropriate since the stretching limit is not known a priori. We did experimentation on large number of colored images and found that the stretch limit is highly image dependent.
The performance of the proposed method can be seen to be promising not only on gray scale images but its effectiveness is also demonstrated on color images. The key to success of the method is the use of human visual characteristics and classification of blocks based on intensity range.
On the other hand, handling such cases was easy with well known Gamma Correction method as given below: After applying different algorithms on brightness and saturation component of image, we transform the HSI image again into RGB plane to get the output image.
Simulation Results and Conclusion
In order to demonstrate the performance of the proposed algorithm, we have shown various blocks of the degraded image, classified as per the proposed classification threshold values (Section 3), and corresponding blocks of the enhanced image in Fig.4 . Fig.5 shows histogram of the respective blocks in the degraded and enhanced image. It can be seen that contrast enhancement in different regions match with the proposed scheme as described in Section 3. Fig. 6 shows the histogram of whole degraded and enhanced image which indicates improvement in the contrast of the input image and the same can be verified from Fig. 4. Fig. 2, 3 and 3 shows the results of proposed algorithm on gray scale images and the same are compared with the HE method and multiscale filtering algorithm. The performance of the proposed method applied on color images can be seen in Fig. 7 and 8 . In these figures, original I component and enhanced I component are also shown. Fig. 7(c) and 8(c) shows the result of applying contrast enhancement on RGB planes leading to loss in color fidelity. On the other hand when the proposed enhancement algorithm is appropriately applied on HSI planes, the color fidelity is maintained. For this purpose, figures 7 (f) and 8 (f) can be compared with figures 7 (c) and 8 (c) respectively along with multiscale filtering results in figures 7 (e) and 8 (e). In our simulation, we have set following parameters: Fig. 3 (Bones) a). Block size as 64X64. b). used to move block is set to 10.
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